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During surgery, incision of the skin under aseptic conditions is performed.
Despite the absence of noxious agents, an inflammatory response may be
induced. We studied the local inflammatory response in human skin as a result of
surgical intervention, under aseptic conditions. Elective standardized vascular
surgery served as a model. A series of skin biopsies was taken from the wound
edge at different time points after first incision. Biopsies, directly taken at first
incision were considered to represent normal skin. Additional biopsies were
taken at 30 min after the start of surgery and just before closure of the wound,
maximally 270 min after surgery. Kinetics of recruitment of cells, expression of
adhesion molecules and the presence of pro-inflammatory cytokines was studied.
Granulocytes were observed at first at 30 min after incision of the skin and their
number increased in time. This granulocyte infiltration is paralleled by E-selectin
expression on endothelial cells, which also was observed at first at 30 min after
surgery with a further increase in number in time. Incision of the skin did not
change P-selectin, ICAM-1, VCAM-1, TNFa, IL1a, IL1b, IL6 and IL8
expression. These results show that incision of the skin under aseptic conditions
during elective standardized vascular surgery induces local nonspecific cellular
inflammation.
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Introduction
Inflammatory responses can be initiated by a variety of stimuli like
infection, implantation of foreign body substances or transplantation. Also blunt
trauma and surgical intervention, stimuli in the absence of noxious substances,
may induce such a response. Different types of stimuli may lead to different
inflammatory responses in vivo, for example in human skin.
The local inflammatory response is characterized, in part, by recruitment of
leukocytes into the site of inflammation (1-3). Granulocytes are the first cells that
migrate into injured tissue. Recruitment of granulocytes and leukocytes in general
is mediated by the presence of adhesion molecules, which are expressed by both
endothelial cells and leukocytes (4;5). In vitro data show that E-selectin, VCAM-
1 and ICAM-1 bind different types of leukocytes (6) (7-11). So, expression of
specific adhesion molecules can influence the spectrum of leukocytes that
migrate into the tissue.
Besides expression of adhesion molecules, migration of leukocytes is influenced
by the presence of chemotactic factors. These chemotactic factors include
chemokines, anaphylatoxins and cytokines (12;13). Cytokines regulate induction
and kinetic expression of adhesion molecules (14). Incubation of cultured
endothelial cells with pro-inflammatory cytokines such as TNFa, IL1a or IL1b
leads to expression of E-selectin and VCAM-1, which are both not present on
resting endothelial cells. Endothelial cells constitutively express ICAM-1, but
after stimulation with pro-inflammatory cytokines, expression is upregulated
(15;16).
There are many in vitro data concerning the production of cytokines by
cells of the skin immune system (SIS)(17-20), induction of expression of
adhesion molecules on endothelial cells by cytokines and binding of different
leukocyte cell types to endothelial cells (21). However, the relation between
recruitment of cells, expression of adhesion molecules and cytokine production,
as a result of different stimuli -such as injury or tissue damage- in the in vivo
situation in human skin, needs further documentation.
During surgery, incision of the skin is performed under aseptic conditions
and an inflammatory response may be induced despite the absence of noxious
agents. To obtain more insight in local inflammatory responses as a result of
injury, we investigated the relation between recruitment of cells, expression of
adhesion molecules and pro-inflammatory cytokines in human skin as a result of
incision. In this study, surgical intervention in an elective standardized vascular






Six patients (3 male, 3 female) with a median age of 60 (44-76) years were
included in this study. Written informed consent was given and this study was
approved by the local ethics committee (MEC 99/04/064). Biopsies were taken
from apparently normal skin of healthy patients undergoing elective vascular
surgery. During surgery, skin biopsies were taken from the wound edge at first
incision using a scalpel. Biopsies were cut along the edge of the wound with a
length of approximately 1 cm and a maximum thickness of 5 mm. Great care was
taken not to touch the skin during incision with tweezers to prevent damage of
the skin biopsy. The first biopsy taken at the start of surgery was considered to
be normal skin. The second biopsy was taken after an interval of  30 min, the
third biopsy at the end of the operative procedure at 135, 140, 145, 155, 215 or
270 min after start of surgery, just before closure of the wound. All biopsies were
immediately snap frozen in liquid nitrogen and stored at -80°C until use.
Antibodies
Antibodies that were used for immunohistochemical staining are listed in
Table 1.
Immunohistochemistry
For immunohistochemistry, sections of human skin (6 mm thick) were cut
using a cryostat, air dried and fixed for 10 min using acetone. Sections were
incubated for 1 h with antibodies in the appropriate concentration diluted in PBS
(see Table 1). After washing with 0.01M Phosphate Buffered Saline (PBS) for 5
min, sections were incubated for 30 min with horseradish peroxidase rabbit anti-
mouse conjugate (RaM-PO; P260; Dako) in a 1:40 dilution in PBS supplemented
with 1% normal human serum. After washing with PBS, peroxidase activity was
visualized using amino-ethylcarbazole (AEC; Sigma, St. Louis MO, USA) as
substrate. Sections were counterstained with hematoxylin and mounted in
Kaiser’s glycerin. As a control, the first antibody was omitted or an isotype
matched, irrelevant antibody was used. In both cases, staining was not observed
in human skin cryostat sections.
Local skin inflammation as a result of elective surgery
45
Table 1: Antibodies used for immunohistochemistry
Antibody Antigen Source Used dilution
NA1/34 CD1a Dako, Glostrup, Denmark 1:100
WT32 CD3 Gift of W. Tax Supernatant
My4 CD14 Coulter, Hialeah FL, USA 1:40
5D2 CD16 CLB, Amsterdam, The Netherlands Supernatant
MOC1 CD56 In house produced antibody Supernatant
CLB-B13.9 CD66b CLB 1:400
EBM-1 CD68 Dako 1:40
S12(C50) P-selectin Centocor, Malvern PA, USA 1:4000
H18/7 acb E-selectin Gift of M.A. Gimbrone Supernatant
Hu 5/3-2.1 ICAM-1 Gift of M.A. Gimbrone Supernatant
E 1/6 aa2 VCAM-1 Gift of M.A. Gimbrone Supernatant
HECA-452 SHR Gift of A. Duijvestijn 1:10
4H31 TNFa Gift of W. Buurman 2 mg/ml




Interleukin 1a Gift of  H. Towbin 10 mg/ml
2D8 Interleukin 1b  Immunokontact, Brussel, Belgium 1:20
IL6-16 Interleukin 6 CLB 1:20
1618-01 Interleukin 6 Genzyme 1:20
52E8 Interleukin 8 Gift of M. Sticherling Sup 1:40
134P HLA-DR IQP, Groningen, The Netherlands 1:15
Quantification of number of cells
Numbers of positive granulocytes, monocytes, macrophages, Langerhans
cells, and HLA-DR-positive cells were determined using a Quantimet 600 (Q600;
Leica, Cambridge, UK). The baseline level for positive cells was determined for
each marker and positive cells within one area (0.3 mm2) were measured as
percentage area of the total skin area. In each single skin section of each patient
at each time point studied, 4 areas were measured and the mean of these areas
was determined. This resulted in 6 values (each for one patient) for each of the
studied time points. Finally, the mean values of all patients for each time point
were determined, resulting in a mean and standard deviation for elastase, CD14,
CD68, CD1a and HLA-DR surface area expression at start of surgery, 30 min
after and at the end of surgery.
Total numbers of CD3-positive cells for each skin biopsy were counted





Supernatants of skin biopsies were used for TNFa ELISA. The method
for skin lysis as described by Terajima et al.(22) with some modifications was
used: skin biopsies were weighed (30-100 mg), cut with a scalpel and suspended
in PBS (5 mg/ml) containing 1% Tween-20 (Sigma) and 1% human serum
albumin (CLB). Skin was repeatedly frozen in liquid nitrogen and thawed at 37°C
for 5 times. Samples were centrifuged for 20 min at 18000g at 4°C, collected and
stored at -80°C until measurement. The presence of TNFa in the undiluted
supernatant was established using a sandwich ELISA as described previously
(23). Briefly, anti-TNFa in a dilution of 1:1000 (MAB 610; R&D Systems,
Abingdon, UK) was used as primary antibody and biotin-labeled goat anti-human
TNFa (AB-210-NA; R&D Systems) as secondary antibody. Recombinant
human TNFa (Boehringer, Ingelheim, Germany) served as standard.




During the surgical procedure, granulocytes positive for elastase, CD16
and CD66b infiltrated into the human skin at the wound edge. To exclude the
possibility that CD16 was expressed by NK cells, we studied CD56 expression
as well, which turned out to be negative in all skin biopsies studied. Very
comparable results were obtained when sections were stained for elastase, CD16
or CD66b to detect granulocytes. A few more cells were found positive for
elastase, when compared with CD16 and/or CD66b expression, but the patterns
of granulocyte infiltrate were similar.
In the first biopsy, taken at the start of surgery, granulocytes were not
present (Fig. 1a). After an interval of 30 min, the presence of scattered
granulocytes was observed (Fig. 1b). These cells were located in close proximity
to vessels. At later time points, the amount of granulocytes increased markedly,
cells migrated into the dermal layer of the skin and distribution patterns of
granulocytes were more diffuse (Fig. 1c). The amount of granulocytes that
infiltrated into the skin varied between persons, but overall the pattern of
recruitment over time showed a marked uniformity (Fig. 2, Table 2).
Figure 1. Granulocytes (CD66b positive cells) in human skin after surgical incision, a) at the start of




Figure 2. Percentage (%) area of infiltrating granulocytes (elastase-positive cells) in time as
measured with image analysis.
Table 2: Mean percentage (%) areas of positive cells of total skin surface
Cell type % area at start of
surgery *
% area at 30 min
after surgery *
% area at end of
surgery *
Elastase 0 ± 0 0.14 ± 0.10 5.91 ± 1.58
CD14 1.17 ± 0.13 1.34 ± 0.25 1.22 ± 0.18
CD68 1.16 ± 0.11 1.25 ± 0.14 1.23 ± 0.15
CD1a 1.60 ± 0.15 1.69 ± 0.24 1.63 ± 0.12
HLA-DR 4.91 ± 0.47 4.51 ± 0.35 4.68 ± 0.40
* Mean values ± standard deviations
The increase in granulocyte numbers coincided with an increase in sialyl
Lewis x, which is a ligand for E-selectin and can be recognized by HECA-452. In
normal skin, HECA-452 reacted with a few scattered mononuclear cells located
in the dermis, but not with cells in the epidermis. At later time points after
incision, infiltrating granulocytes stained HECA-452 positive. Therefore, the
increase in numbers of granulocytes was accompanied by an increase in number
of HECA-452-positive cells.
The mean number of monocyte and macrophage-like cells (cells positive
for CD14 and/or CD68), Langerhans cells (CD1a-positive cells) and HLA-DR-
positive cells, measured as percentage of the total skin surface area did not
change in time (Table 2). Numbers of T cells (CD3-positive cells) also did not
change during the observation period. Mean total numbers of T cells per section
were 42 at the start of surgery, 38 after 30 min and 40 at the end of surgery.
Granulocyte infiltrate
Time in minutes
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Furthermore, the distribution patterns of cells positive for CD14, CD68,
CD1a, CD3 and HLA-DR did not change over time. In the biopsy, that was
taken at the start of surgery and is considered to be normal skin, CD14-positive
and CD68-positive cells were found scattered throughout the upper dermis.
CD1a-positive cells were distributed in the epidermis, CD3-positive cells were
detected in small groups throughout the dermis and HLA-DR expression was
observed on monocytes, Langerhans cells and endothelial cells.
Adhesion molecules
E-selectin expression was induced in human skin during surgical incision
whereas expression of P-selectin, ICAM-1 and VCAM-1 did not change. In the
first biopsy, E-selectin expression was absent (Fig. 3a) and at 30 min after the
first incision, E-selectin expression was observed in some, but not all of the
vessels. Numbers of positive vessels increased over time (Fig. 3b). Localization
of E-selectin positivity corresponded with the presence of infiltrated
granulocytes.
P-selectin is present on endothelial cells of normal human skin. In the
present study, P-selectin expression was observed at all time points. Intensity of
expression did not change over time. In normal human skin, ICAM-1 is
constitutively expressed by dermal endothelial cells and changes in intensity of
ICAM-1 expression were hard to detect (Fig. 3c,d). VCAM-1 expression is
absent in normal human skin. During period of time of the present investigation,
VCAM-1 expression was not induced.
Cytokines
We did not observe significant changes in TNFa, IL1a, IL1b, IL6 or IL8
expression as a result of incision in human skin. We used 2 anti-TNFa
antibodies and expression was observed in normal skin with both antibodies.
Antibody 35G10F3 gives a diffuse granular staining of different layers of the
epidermis, with strongest expression in stratum basale. Vascular and perivascular
cells, hair follicles and glands in the dermis stained positive. With antibody 4H31,
TNFa expression was found in the epidermis, only in the stratum basale (Fig.
4a). With the use of an antibody mixture, IL1a expression was observed in
normal skin in the epidermal cell layer with strongest expression in the stratum
basale. In the dermal layer, endothelial cells, hair follicles and glands expressed
IL1a. Patients were not similar with respect to expression levels of TNFa and
IL1a. Because of positivity in normal skin and because of the intra-individual
differences, determination of induction of the expression of TNFa and IL1a was
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not possible. In none of the skin biopsies expression of IL1b or IL6 was
observed.
Figure 3. a) Lack of E-selectin expression in normal skin; b) E-selectin expression at 155 min after
first incision (note that some but not all vessels are positive); c) ICAM-1 expression in normal skin;
and d) ICAM-1 expression at 30 min after first incision. Original magnification, x127.
From the first incision up to the latest biopsy at 270 min, IL8 expression
was observed. IL8 was present in the suprabasal cell layers of the epidermis and
in hair follicles in the dermis (Fig. 4b). We did not observe significant changes in
intensity of staining over time.
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Figure 4. a) Expression of TNFa as demonstrated with antibody 4H31 and b) IL8 in human skin at
30 min after first incision. Original magnification, x127.
ELISA
We were not able to detect TNFa in the undiluted supernatant of the skin




The present study shows that incision of the skin under aseptic conditions
during elective standardized vascular surgery induces local nonspecific cellular
inflammation. Local cellular inflammation was demonstrated by infiltration of
granulocytes in combination with E-selectin expression.
Granulocytes were observed already at 30 min after incision and their
numbers increased subsequently over time. Our results are in agreement with
previous studies indicating that granulocytes are the first cells migrating into
tissue during inflammation (1;2;24). Cell types other than granulocytes did not
migrate into the skin as a result of skin incision, which can be explained by the
short study period, the limited extent of tissue damage and the type of stimulus.
Tissue damage as a result of incision in combination with the absence of noxious
substances induces a nonspecific immune response. That indeed a nonspecific
immune response is induced, was confirmed by the fact that there was not an
increase in numbers of T cells and expression of HLA-DR.
Furthermore, local inflammation was characterized in this study by E-
selectin expression on endothelial cells. Incision of the skin did not result in
distinct changes in expression of the other adhesion molecules studied, P-
selectin, ICAM-1 and VCAM-1. The absence of VCAM-1 expression may be
explained by the short study period in combination with the type of stimulus.
E-selectin expression and infiltration of granulocytes in skin occurred
simultaneously. This is in agreement with in vitro and in vivo studies showing that
neutrophils can bind to E-selectin (8). Furthermore, we observed that sialyl Lewis
x, which is a ligand for E-selectin and is recognized by HECA-452, was
expressed by the infiltrating granulocytes. It has been shown that the HECA-452
antigen is involved in adhesion of neutrophils (25;26). Therefore, we conclude
that granulocyte migration into the dermal layer is mediated by binding to E-
selectin (27;28).
Skin is always in contact with the environment and therefore de novo
adhesion molecules are expressed constitutively to sustain recirculation of
immune cells for immune surveillance. This prone state enables the skin to
respond with a very rapid inflammatory reaction as we indeed observed. So
although the intensity of  P-selectin and ICAM-1 was not significantly altered,
they may play a role in granulocyte migration (29;30).
There was virtually no TNFa, IL1a, IL1b, IL6 and/or IL8 production in
skin as a result of incision. We tried to detect TNFa expression with ELISA, but
TNFa levels in supernatant of these skin biopsies were below the detection limit.
IL1b and IL6 expression was not observed in any of the skin sections, but
additional experiments (not shown) showed that these antibodies did not result in
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detection of ILb and IL6 in cryostat sections of human skin. Therefore, we can
not exclude that IL1b and, or IL6 are involved in early inflammatory responses.
The absence of a clear TNFa upregulation in our experiments is in
agreement with the data presented by Strickland et al. (31). Instead, they and
others (32); (33) (24) have shown that IL8 and not TNFa plays an important role
in the early inflammatory response in human skin. IL8 is known to be a
chemoattractant for neutrophils  and already at 30 min after IL8 injection in
human skin, neutrophils are found in close proximity of vessels (34;35). In the
present study, IL8 expression was observed in the suprabasal layers of the
epidermis (Fig. 4b). With the use of antibody 52E8 an intracellular stored form of
IL8 was detected. This stored form of IL8 is secreted by cells in its active form.
Skin biopsies of patients with psoriasis, acute and delayed pressure or chronic
urticaria showed decreased IL8 expression using this antibody (36-38).
Therefore, we expected to find decreased IL8 expression as a result of skin
incision. The fact that there were no distinct differences in IL8 expression
between the biopsies may be explained by the relative short study period, the
limited extent of tissue damage and the relative small cell infiltrates as observed
here as compared with chronic skin disorders.
Other chemotactic factors besides IL8 may be involved in local cellular
inflammation in skin. Factors such as the anaphylatoxins C3a and C5a can attract
granulocytes (1). It has been shown that at 30 min after injection of C5a in human
skin, neutrophil infiltrates are located around vessels (34). Measurements of
complement in serum samples have shown that vascular surgery activates
complement and induces neutrophil recruitment and degranulation (39). We
studied C3c (data not shown), which is a C3b component. However, there was
no C3c present in any of the skin biopsies.
In summary, our data show that aseptic incision of the skin during elective
standardized vascular surgery induces local nonspecific cellular inflammation.
The tissue damage as a result of incision leads to a nonspecific inflammatory
response which is characterized by granulocyte infiltration into the skin, in
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